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Introduction 
Terrestrial and aquatic environments are 
inhabited by phototrophic microorganisms that 
include cyanobacteria, green algae and 
diatoms. These microorganisms have a global 
significance in the deterioration of cultural 
heritage stone materials emphasized by their 
photoautotrophic nature, which permits them 
to be primary colonizers of lithobiontic 
ecological niche (Golubic et al. 1981). They 
develop forming phototrophic biofilms which 
can be described as surface attached 
microbial communities driven by light energy 
with a clearly present photosynthesizing 
component (Roeselers et al. 2008). In such 
biofilms, microorganisms use structural 
irregularities of the stone material for their 
ATTACHMENT, modifying the stone surface 
structure.  
A particular aspect of biodeterioration of stone 
monuments is linked to endolithic organisms 
colonizing the interior of rocks (Salvadori 
2000). The penetration of endolithic 
community, which develops profusely to 
depths of several millimetres (Saiz-Jimenez 
1999), and the diffusion of their excreted 
products into the intergranular fissures lead to 
enhanced weathering reactions and decreased 
cohesion between grains (Alakomi et al.
2004). The endolithic microhabitat gives 
protection from intense solar radiation and 
desiccation, and it provides mineral nutrients, 
rock moisture and growth surfaces (Walker et
al. 2005). 
Several authors have recognized the great 
importance of stone biodeterioration 
phenomena, considering this as the major 
problem to the preservation of stone built 
Cultural Heritage. In the last years, the 
acquisition and digital treatment of images 
incorporate systematic methodologies for the 
study and comprehension of biodeterioration, 
allowing the management of information at a 
level not reached by the traditional methods. 
The application of techniques of image 
analysis of surfaces permits to perform a 
diagnosis using non invasive methods, which 
are essential in projects for preservation of 
Cultural Heritage (Castellano et al. 2002).  
If it is true that, in a well-contrasted image, it 
is easy to detect a photrophic biofilm by 
naked eye, in most images thin biofilms are 
difficult to distinguish, as the rock colour can 
mask the real extent due to high visual 
correlation between biofilm and rock. In these 
cases, image analysis techniques can help in 
discriminating between these two elements by 
means of decorrelation of pixel values in the 
different bands of the image. 
In this study, image analysis was used to 
assess potential endolithic growth by 
cyanobacteria and algae in stone samples 
inoculated with a phototrophic culture under 
laboratory conditions. The technique is based 
in the application of Principal Component 
Analysis (PCA) methodology, which has 
demonstrated to be a useful tool for 
discriminating elements apparently hidden on 
images with special emphasis to minority 
Principal Components.  
Materials and Methods 
Quarry stone samples of Piedra de San 
Cristóbal, a porous biocalcarenite widely used 
in the construction of South Spain cultural 
heritage monuments, were artificially 
colonized with a phototrophic community in 
the framework of a more complete study of 
primary bioreceptivity on different limestones 
(Miller et al. in press). After three months of 
incubation under laboratory conditions, the 
stone samples were examined under a 
binocular stereo microscope (Zeiss Discover 
V8 with phototube) and photographically 
recorded (Canon Powershot A630).  
In order to appreciate the extension and 
penetration depth of the phototrophic 
microorganisms inside the rock, image 
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analysis was performed by means of Principal 
Component Analysis (PCA), for the detection 
of minority elements inside a digital image 
(Figure 1).  
Figure 1. Band corresponding to the third Principal Component of 
one of the original images utilized in this work. The whitish area 
shows the extent of the biofilm. 
The aim of the implementation of this image 
decorrelation technique is to simplify images 
avoiding redundant data present in the 
different bands of the image. Thus, it 
becomes possible to differentiate between 
elements present in the image, as pixel values 
are function of their real reflectance. This 
approach has been utilized to improve the 
visualization of rock art paintings in highly 
correlated images (Rogerio-Candelera 2008), 
and to record separately different elements (of 
different nature and composition) present in 
mural paintings (Rogerio-Candelera et al.
2008). PCA was performed utilizing 
HyperCube 9.5 software (US Army 
Topographic Engineering Centre, Alexandria, 
Virginia, USA). From the resulting bands, the 
first and third Principal Components (PC1 and 
PC3) were selected to elaborate false-colour 
images in a RGB colour space (three bands, 
each one corresponding to the red, green and 
blue values of a trichrome image), as human 
eye can distinguish colour differences better 
than grey tones (Ruiz 1994). PC1, which plots 
around 95% of the total information included 
in the three bands of each image, was used as 
Red band, in order to create a homogeneous 
reddish background in which plot the minority 
PC3 (around 0.5% of the total information of 
the images), which was utilized twice for 
representing the spatial dimension of the 
endolithic biofilm (Green and Blue bands). The 
resulting false-colour images show in light 
blue the phototrophic biofilm inside the stone 
samples, which are plotted in red (Figure 2). 
Figure 2. Rock sample micrograph (up) and false-colour image 
obtained by Principal Component Analysis (PC1, PC3, PC3) 
(down). The biofilm is clearly enhanced. Bar = 1 mm.
Results
Optical microscopy and image analysis of 
transversally cut samples confirmed the 
presence of a thin green band parallel to the 
rock surface which was attributed to 
endolithic development of the phototrophic 
biofilm. The green band ranges from 1 to 3 
mm in thickness, with a maximum penetration 
depth of 3 mm. The image analysis strategy 
utilized allowed a more complete view of the 
extent of endolithic colonization than those 
offered by the original microscopy images. 
The application of a threshold classification 
algorithm (Figure 3) allowed us obtaining 
preliminary simplified views of the endolithic 
biofilm extent, separated from the surrounding 
uncolonized rock. The digital classification of 
images will permit an accurate quantification 
in terms of the surface covered by the biofilm. 
This supervised classification method can be 
performed on decorrelated images by PCA, as 
the original pixel values are only object of a 
geometrical transformation by representing 
them on a new reference system with 
uncorrelated axes (Chuvieco 2002). 
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Figure 3. Classified image (up), and 3D plot of pixel values (down) 
to assess the suitability of the classification method. 
Conclusions 
The detection of photosynthetic growth within 
the rocks can be of great importance in the 
assessment of biodeterioration processes, as 
the endolithic growth of organisms into the 
stone, and the diffusion of excreted products 
into the porous system, may enhance their 
biodeteriorating potential, promoting the 
decreasing of grain cohesion. Image analysis 
can be a powerful tool to detect the extent of 
the biofilms following this survival strategy.
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Forthcoming Congresses 
International Seminar Conservation of Glazed 
Ceramic Tiles 
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Aim and Topics: 
The aim of this seminar is discussing glazed 
ceramic tiles of historic interest manufactured and 
applied anywhere in the world, their decay and 
their conservation as well as the pathologies of 
their insertion as architectural finishes. Main 
themes to be addressed are: 
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